Introduction

2.
General quantities in spectrometry (CIE) . Codes used in citing authorities are explained in the bibliography ( 4). Some differences in names and definitions of the quantities have proved necessary, for instance to place some terms in a broader context than spectroscopy.
The text follows the general pattern of the document "Quantities and Units in Clinical Chemistry. Optical Spectroscopy : Part 1. Theoretical Outline and General Quantities (Provisional Recomendations) IUPAC Information Bulletin 1978 No. 3 p 241-259" (IUPAC-CQUCC, 1978 . It has been produced to meet the requests for a shortened and simplified version of that document and incorporates some additions and modifications. However, in general, the earlier document provides greater detail.
1. INTRODUCTION 1.1 Optical spectroscopy is the study of systems by the electromagnetic radiation with which they interact or that they produce. Spectrometry is the measurement of such radiation as a means of obtaining information about the systems.
1.2 Incident radiation may be transmitted through or may interact with the system under investigation. If it interacts, one may observe absorption, reflection, refraction, polarization, scattering (diffusion) or luminescence (phosphorescence or fluorescence). Alternatively, one may also observe radiation arising by emission from the system under investigation, for instance by thermal excitation or chemiluminescence. The subsection "Kind of quantity" begins with a definition expressed in words and symbols. It is followed by numbered remarks. The subsection "Units and values" begins with a table of unit symbols in order of decreasing magnitude with columns stating the multiples of the coherent SI unit, corresponding SI symbols, and non-SI equivalents which are commonly encountered in the literature. IUPAC-CPSTU 1979, § 4.1; IUPAP 1978, § 3.2) . The full stop or period is widely used in English text and for computer work. The half-raised point is reserved for the meaning "multiplied by".
1.6 Table 1 below gives the approximate ranges of wavelength X, and wavenumber in vacuo, ', frequency v, photon energy or molar energy appropriate to each of the normally distinguished parts of tITe electromagnetic spectrum. The values of wavelength and wavenumber apply only in media with a refractive index of 1 but are acceptably correct for routine analytical spectroscopy in air. 1.7 In spectroscopy, 'density' is used in at least three meanings and has therefore been avoided in recommended names -divided by area, for instance 'radiant flux density' -divided by volume, for instance 'radiant energy density' -a measure of the degree to which a sample cuts down the intensity of a beam passing through it, for instance 'optical density' or 'transmission density'.
1.8 Quantities are sometimes called 'internal' when certain boundary effects, associated for instance with reflections at cell windows, have been excluded or allowed for. They may be given the same principal symbols but should be distinguished by the subscript i.
1.9 The results of measurements are commonly expressed logarithmically and may be either 'decadic' or 'natural' (Napierian). Since the decadic group has in the past been more usual, it is treated here more fully. The base used should be specified whenever values are reported. It should be noted that the logarithmic quantities discussed in S 2.14, S 2.15, 5 2.16 and S 2.17 are only usefully applicable to internal quantities (S 1.8). 
By convention, spectroscopic properties are expressed in terms of wavelength in vacuo, not the wavelength within the medium being studied. The wavelength, X, within the medium depends on its refractive index, n1 (S 2.4), and is related to wavelengthin vacuo, x0, by the equation
The refractive index of a vacuum, n0, is 1 by definition. 
Kind of quantity
Wavenumber is the number of cycles of a regular wave, N, in a given distance, £, divided by that distance (3) (IUPAC-CPSTU 1979 5 2.1.07). As with wavelength, the wavenumber used in spectrometry is that in vacuo (or in air), and not in the system being studied. It is symbolized ' and is defined from frequency, v, and the speed of electromagnetic radiation in vacuo, C0:-= (4) From Equations 1 and 3, it follows that = 1/x0 (5a) Remark 1. The customary SI multiple in optical spectroscopy is cm-1, equal to 100 rn-1.
Remark 2. The symbol should not be written which would designate mean frequency.
Remark 3. The symbol a is used for the wavenumber in the medium being studied, but is rarely used in optical spectrscopy; in this case,
Units and values of wavenumber vN/t (6) Remark 1. In contrast to wavelength, frequency is independent of the medium.
Remark 2. The frequency of electromagnetic radiation is proportional to photon energy. The latter is the product of Planck constant, h, and frequency. Frequency is also related to the speed of light, c, and to wavelength, x:
in which c and x refer to the same medium.
Remark 3. For oscillatory phenomena in electronics, frequency is designated by the symbol f (IUPAC-CPSTU 1979, § 2.1.13). Kind of quantity When power P is measured over a small interval of wavelength, tax, the quotient = AP/LX
is an estimate of spectral radiant power, P , at the central wavelength of the interval Lxx.
In a wavelength interval, X2 -X1, total radiant power, P12 is the integral of the spectral radiant power in terms of wavelength, P, over that wavelength interval 2 = f P.dx (14) Remark 1. This quantity is also called spectral density of radiant power or spectral concentration of radiant power.
Remark 2. Analogous functions, for instance in terms of wavenumber or frequency, are given in S 2.7b and S 2.7c.
Units and values of spectral radiant power in terms of wavelength 
(IUPAC-CPSTU 1979, § 2.8.11).
Remark 1. The symbol I is an alternative to r (IUPAC-CPSTU, 1979).
Remark 2. The term 'transmission' was formerly used but is not now recommended.
Remark 3. As recommended in § 1.8, the symbol !4 is used for internal transmittance.
Remark 4. The value of at a particular position in the spectrum can be denoted t(X), or E(v). For sufficiently narrow intervals of spectra these three quantities are iqual. so that then a = 1
Remark 2. As recommended in § 1.8, the symbol a is used for internal absorptance.
Remark 3. Absorptance or absorption factor can be qualified as applying to a particular position in the spectrum, e.g. a(X), a(') or a(v). it follows that for an opaque sample (r = 0)
(SPECULAR)
Remark 3. As with other radiation quantities (5 2.7, 5 2.10) emittance varies with wavelength (wavenumber or frequency) and values at a particular position in the spectrum are denoted by dx), dv), or dv). Remark 1. Attenuance applies without specification of the cause of the reduction of transmittance of the sample, e.g. due to absorption, or scattering. The alternative term 'transmission density' is used. 'Optical density' has also been used, but this is discouraged because of confusion between internal losses due solely to absorption, which are related to absorbance (5 2.15), and internal losses due to both absorption and scattering.
Remark 2. This quantity is only of practical use if refers to an internal measurement. As recomended in § 1.8, internal attenuance can be symb6iized by !i• Remark 3. For a sample that scatters radiation, some of the radiation emerges from the sample in directions other than that of the original beam. How much of this radiation reaches the detector depends upon the geometry of the optical system used for the collection of radiation.
Note 1: The term 'attenuance' and its symbol, D, are tentative. Remark 1. It should be noted that this quantity is only of practical use if r refers to an internal quantity (S 1.8; 51.9).
Remark 2. The Napierian analogue is more commonly used and has the symbol .
= -(ln r)/Q. The term 'absorbance' applies only to the decrease in radiant power due entirely to absorption, i.e. it is that part of internal attenuance due to absorption.
Remark 1. This quantity is only of practical use if 'r refers to an internal measurement (S 1.8; 51.9).
Remark 2.
'Optical density' has also been used but this is discouraged because it now has other meanings. (IUPAC-CPSTU 1979, 5 2.8.14.1; GB-RS 1975, p.15). The term applies only if the decrease in radiant power is due to absorption, i.e. it is that part of the internal linear attenuation coefficient due to absorption.
Remark 1. If the cause of loss of power is undefined the quantity is linear (decadic) attenuation coefficient (S 2.14).
Remark 2. The alternative symbol K is used (IUPAC-CPSTU 1979, § 2.8.14.1) but has the disadvantage that it is also used Yor luminous efficacy (IIJPAP, 1978, § 7.6; GB-RS, 1975, p.15) . Remark 4. Absorption bands have a finite width and it is sometimes preferable to express intensity in terms of band area rather than the value at the peakheight. Band area is the integrated molar (linear) Naperian absorption coefficient and is evaluated as
band It has the dimensions of LN1 (SI unit m.mol1); unfortunately it has previously been given the same symbol as decadic absorbance.
An alternative integration
band has the dimensions L2N1 (SI unit m2mol'). is the wavenumber of the band centre and the approximation in equation (35) only applies iT the band is relatively narrow. This quantity is used because it is directly related to a molecular property, the transition moment for the band in question.
The decadic equivalences of A and r are rarely used. The Commission (VII.2) concluded that words like 'number', 'length' and 'area' should be used in a descriptive nomenclature only when those terms occurred in the numerator of the definition, and that new words were needed to describe 'divided by number, length or area' since existing words such as 'numeric', 'linear' and 'areal ' could not be restricted to those meanings. The adjectival ending -ic had no existing usage for two of these three words. For number (of entities), a suitable adjective was entitic. By this convention, for instance, 'areic number' means number of entities divided by area and 'entitic area' means area divided by number of entities.
Among the words proposed are the following that are new to the English language:
-entitic: divided by number of entities -lineic: divided by length -areic:
divided by area If these words are approved by IUPAC, the kinds of quantity treated in this recommendation may then alternatively be described by the expressions on the right in the following list.
This alternative nomenclature is for the moment provisional. 
